Rapid urbanization and urban growth are complex problems in countries, such as Iran. The major goal of current research is to determine the spatial-temporal pattern of urban growth in Tehran megapole. This research can provide a background for more informed planning. Current research used historical maps and satellite images to determine the urban growth patterns for Tehran megapole for the time period 1921-2011. Spatial metrics were used to analyze the spatial-temporal pattern of urban growth at two levels: Tehran's Megapole as whole and within the concentric zones in this Megapole. Results show that urban growth rate in Tehran megapole area can be divided into three major periods: (1) rapid growth rate , (2) very rapid growth rate (1976)(1977)(1978)(1979)(1980)(1981)(1982)(1983)(1984)(1985)(1986), (3) slow and consistent growth rate . Results also show that urban growth in Tehran city follow tidal waves pattern and consequent phases of growth. These tidal waves are moving toward external edges of Tehran city. This research was an attempt to apply a remote sensing methodology for urban planning purposes. Also, it was an attempt to determine the pattern of urban growth in Tehran megapole which was not determined before.
Introduction
Since industrial revolution at the end of 18th century, world urban population has increased exponentially with rapid speed. In 1830, urban population was about are 1 billion and it increased to 7 billion in 2011. Moreover, urban population increased more rapidly compared with rural population. Urban population increased from 14 percent in 1900 to 50.5 percent in 2010. It is predicted that by 2030, more than 60 percent of population are urban resident (Wu et al., 2010) . United Nation has estimated that urban population in developing countries will increase from 2.048 billion in 2000 to 3.991 in 2030. It is expected that urban population in developed world increase from 870 million to 1.01 billion (Wu, 2008) . Although the proportion of urban residents and urbanization are different between developing and developed world, the increase in urban population growth is a global trend.
Urban areas have occupied small proportion of the earth surface; but this small proportion of land occupation cannot be ignored because of its considerable impact on natural and human systems (Kong et al., 2010) . Urban growth, especially in its undesirable form has negative impact on the environment, natural resources, human health and has caused some socio-economic problems. Decrease in agricultural lands, wild forests and open spaces are considered as some impacts. These changes have also had impacts on ecosystems, wild life, quality of water and air and consequently human health and quality of life. Spatial pattern of growth on urban areas are changing in a complex way. Urban areas are expanding in rural areas and urban sprawl is occurring. Because of continuous change in structure and pattern of urban growth, these areas have been in continuous focus of researchers (Seto & Fragkias, 2005) .
Characterizing and understanding the changing patterns of urban growth is critical, given that urbanization will continue to be one of the major global environmental changes in the foreseeable future. The physical Process of urban land use changes on a result of urbanization are under study and research (Seto & Fragkias, 2005) .
Although urbanization is a global event, this event is very dynamic in Iran. Considerable urban growth has occurred in the last few decades in Iran. During the past 55 years, the proportion of urbanization has increased from 31 percent in 1956 to more than 71 percent in 2011. During the past five decades, urbanization has been increasing in Iran similar to other third world countries. Urbanization has increased as a result of rural population migration, natural population increase and annexation of rural areas to urban areas. New urban growth pattern have emerged and megapolis and megapolitan areas have emerged.
Since 1950s, with the establishment of capitalist system in Iran, new stage occurred in urbanization and urban development in Iran, especially in Tehran. Rural land reforms were implemented in 1962, and consequently changes occurred in the relation between rural and urban areas. Rural population migrated to urban areas. Rapid increase in oil revenues, needs for urban services, developments in economic and communication infrastructure, rapid increase in establishing major industries and assembling industries, broad growth of administrative organizations increased the role and functions of Tehran city as the capital and as the center of new changes. Therefore, Tehran city was expanded and became more complex. In the years after revolution, urban sprawl and discontinuous expansion have been the dominant form of urban growth (Mehdizade, 2003) .
The first step in the management, control and scientific intervention in Tehran megapole's growth is providing a comprehensive view about the spatial-temporal pattern and process of urban growth. On this basis, pattern of urban growth, analysis of spatial changes in time and causes of changes is necessary. Study of patterns of urban growth in many developed and developing countries, considering their socio-economic conditions, shows that management and scientific planning are needed as the basis of right understanding of the spatial-temporal processes of urban growth. Recent scientific progresses, such as remote sensing, GIS, other spatial techniques and progress in fields such as landscape ecology have helped to enable us to quantify, to do modeling and to predict urban growth (Kong et al., 2012) .
Spatial metrics are useful tools for producing maps and quantifying the spatial characteristics of urban growth (Kong et al., 2012) . On this basis, the major goal of this study is to show the spatial-temporal changes of Tehran's growth between 1921-2011, using spatial metrics.
Literature Review
To define urban growth, two indicators were used: (1) population growth, (2) physical growth. Urban population growth is defined as the absolute increase in urban population, and can be the indicator of population growth. Urban physical growth is defined as the increase in the absolute urban land area. Considering the physical growth indicator, urban growth can be measured in two ways: (1) changes in the distribution of internal density of land use within the city (2) increase in the urban land area in edges of the city. Theories such as urban rent theory, central place theory, concentric zone theory, sector theory and multiple nuclei theories have described and analyzed the dynamic nature of urban growth (Bourne, 1971) .
Spatial-temporal studies of urban growth have been used in primary studies , mostly as the basis of demographic and socio economic studies. In this period, important studies and important questions were formed. One of these questions was about cities physical form in different time periods. One of the important theories, which answered this question, was the spatial-temporal theory of urban growth by Blumenfeld in 1954, who described the growth as tidal waves. Blumenfeld (1954) studied population changes in 15 concentric zones, extending 25 miles from city center in Philadelphia over a 50 year time period. First he found that for any given distance zone from the center of the metropolis, there is a similar type of tidal wave pattern. Each zone in succession rises relatively steeply to a peak, or crest, of density. Then declines more slowly and flattens out; probably to begin a new rise again. Second, he found that the amplitude of each wave decreases as one goes outward from the center of the city. The waves also crest much more steeply in the inner zones. Blumenfeld wrote that in any given time period, there is a particular "zone of maximum growth", which we may define as the crest of the tidal wave of metropolitan expansion. This crest moves slowly and fairly regularly outward from the center of the metropolis to its periphery (Bourne, 1971) .
Blumenfeld theory was developed by researches such as Boyce (1969); Clark (1952) ; Korcelli (1976); Hoover and Vernon (1959); Cressy (1939); Duncan et al. (1962); Winsborough (1962) . While the theoretical foundations of many of these early formulations vary in strength, the basic notion of urban cycles or phases is apparent in all of them. This idea has more recently been posed in a similar form by White et al. (2001) through their investigation of form as it relates to European land use processes, yet they do not fully expand on the concepts of phases, but do suggest some temporal component as being explanatory of form. White et al. (2001) were still left with many questions at the conclusion of their research, including: how spatial patterns of land use evolve through time; do they vary from city to city; and what do they tell about the system and underlying processes? Consequently this research is along similar lines, drawing on older geographic concepts as a basis, and again raising the question: do urban systems exhibit oscillatory behavior over time? Specifically, if such harmonics can be shown to exist, how can they be quantified and modeled (Dietzel et al., 2005) ? macro-mechanisms work: 1) Urban DNA: is a concept referring to a city's characteristics such as topography, soil, economic, political, cultural and environmental characteristics. Hall wrote that every city has its own DNA which makes the city unique (Wu & Silva, 2011) .
2) Second mechanism is suburbanization moves that are the result of these events including: natural evolution, flight from blight and urban land value.
Natural evolution emphasize the population and life style changes such as changes in the level of income, family size and other characteristics that increase the demand for new and larger residential units in the suburbs and surrounding rural areas (Bayoh, 2002) . Urban growth pattern follows the urban transition pattern. In phase one, urbanization, the highest level of growth occurs in the core. In the second phase, suburbanization occurs further from the core. In third phase "counter urbanization" occurs, when the population moves from core and suburbs to outer layers and surrounding rural areas. On the basis of this model, urban sprawl occurs in phase three. Mieszkowski et al. (1999) develop a theory called "flight from blight". This theory suggests that with the increase in the level of income, higher tax rates in inner sectors of the city, deterioration of the infrastructure, lower quality of life in the central parts of the cities, with the presence of more poor families and minorities, more dispersion happen. People try to avoid real and perceptual blight in central areas. The desire to live in the homogenous neighborhoods affects urban physical expansion.
Theory of urban land value suggests that since the decisions about use of land are on the basis economic criteria, more urban sprawl is observed (Ladda, 1998; Lewis, 2001) . If there are no major limitations, concentric growth is the major form of urban physical expansion (Foreman, 2008) , affected by mentioned mechanisms, concentric zones are developed. But concentric zones might be affected by urban DNA. The history of urban physical expansion can be explained on the basis of tidal waves. Dimension and direction of these waves depends on the external and internal factors. Within each zone, these phases are observed: Phase one: dispersed growth and mostly residential; Phase two: progressive density and added commercial and public services; Phase three: increase in density and in different land uses (Gandy & Sylvie, 2002) .
Method
Tehran city has passed different stages of development and evolution (Figure 1 ). In 1922, Tehran's population was 210,000, with the average density of 85 individuals in each hectare, residing in the 10 regions. With demolishing the old wall surrounding the city, the population reached 310,000. Between 1932 Between -1937 , with the direct intervention of the government, the whole wall surrounding the city was destroyed and Tehran's land area was 46 square kilometer. The population reached 540.000 in 1939 and 600,000 in 1941. In 20 years, the population was tripled. With the socio-economic changes, considerable changes were occurred in ecology and geography of Tehran.
Traditional agricultural production system was replaced with industrial production and capitalist system. New social classes such as administrative employees, employees in army, labors and new unions were established. New commercial, service and cultural centers were developed out of bazaar. New industrial centers were established along roads around the city, providing the base and direction of future development. With the fall of Reza Shah (king) in 1941, changes in socio-economic conditions in Iran and city planning were governed by a centralized government. In 1953, with the support of United States of America, Reza Shah's son (second king) and capitalist system, investment in industrial sections were increased. New industrial areas were developed in west and southwest of Tehran. In 1962, land reform law was implemented and rural population migration to the cities occurred. With the increase in the level of oil income, rapid growth of economic infrastructure and communication system, increase in industrial production, assembling industry, rapid increase in the number of government and administrative organizations were occurred. Role and functions of Tehran as capital was increased. Tehran became the largest center for attracting population, capital, jobs, income and services. In 1960, many surrounding villages were annexed to the city. Suburban areas were expanded. Fast physical expansion of Tehran during two decades, 1960s, and 1970s, and complexity of its problems justified the necessity of planning and supervision of its development. In 1968, first comprehensive plan was prepared. In 1973, an organization was established to monitor and supervise Tehran's expansion. After revolution, all the regulations issued to monitor Tehran's development were considered not credible and growth continued in all directions. Tehran's physical growth maps were developed for different time periods using historical maps and Landsat satellite images (ETM+, TM).
Spatial-temporal patterns of Tehran's growth were analyzed using spatial metrics for the time period 1921-2011. Metrics were selected can the basis of literature review (Dietza et al., 2005; Augilera, 2011; Jain et al., 2011; Herold et al., 2003; Herold et al., 2005; Seto & Fragkias, 2005) . Metrics were calculated using "Fragstats" software. Metrics describe four dimensions: absolute size, relative size, complexity of urban form and spatial distribution of patches. To measure absolute size, two metrics were used: (1) total urban land area, (2) Number of patches. As urban growth occurs, total urban area continually increases due to the highly non-reversible nature of urbanization. The number of urban patches metric is a measure of discrete urban areas in the landscape and is expected to increase during periods of rapid urban nuclei development, but may decrease if urban areas expand and merge into continuous urban fabric (Seto & Fragkias, 2005) .
Relative size was measured using the mean patch size. The mean urban patch size is a function of the number of urban patches and the size of each urban area, and can either increase or decrease through time. Decreasing values of mean urban patch size implies that new urban centers are growing faster than existing urban areas. That is, urban growth occurs more as a process of new and multiple urban nuclei formation than of envelopment or annexation (Seto & Fragkias, 2005) .
The area-weighted mean patch fractal dimension (AWMPFD) metric describes the degree to which the shape of an urban area is irregular or complex. The more irregular the shape of the urban area, the higher the value of the fractal dimension. Values range between 1 and 2 with values closer to 1 indicating areas with relatively simple shapes such as squares or circles. Values that approach 2 represent complex and irregular shapes. The area-weighted mean patch fractal dimension is hypothesized to increase during the early periods of urban land-use change when new urban nuclei and expansion of existing urban space creates irregularly shaped landscape patterns. This metric is expected to decline as urban form becomes more regular (Seto & Fragkias, 2005) .
To describe the spatial distribution of urban patches, two metrics were used: Euclidian mean nearest neighbor distance and contiguity. With the development of new patches, value of Euclidian mean nearest neighbor distance increases; then, with more continuity and joining of the patches, the values of this metric decrease. The Seto and Fragkias (2005) .
In this article, spatial metrics were calculated for years of 1921, 1941, 1956, 1966, 1976, 1986, 1996, 2001, 2006, and 2011 in four zones with distance: 0-3, 3-10, 10-20, 20-30 Km from city center. Distances for rings were chosen on the basis of literature review.
Results
Current study looked at the spatial-temporal patterns of urban growth in Tehran city at two levels. First, Tehran's urban growth patterns as a whole. Second, Tehran's growth at concentric zones level.
Tehran's Urban Growth Pattern as a Whole
Tehran's urban land area has been constantly increasing from 1921-2011 and Urban growth curve has always been ascending. Its grade was steep during 1921 to 1976. But the grade is steeper for the years 1976-1986 which shows very rapid urban growth in this time period. After 1986, urban growth curve shows less steep grade and gradually has turned into almost flat shape. It shows the stable urban growth rate. But population increase continues to grow.
On the contrary urban growth rate curve shows decreasing trend. Urban growth rate curve had decreasing grade between 1921 -1976 . Between, 1976 -1986 , growth rate had ascending shape. From 1986 to 1996, growth rate has been decreasing and since 1996, the curve is almost flat.
Diagram showing the number of patches for the years 1921-2011, is an ascending curve. During 1921 During -1956 with the development of new patches in north and south of Tehran city, number of patches increases very rapidly. Between, 1956 Between, -1966 , the number of patches decreases. The reason is the continuation of urbanization and patches joining each other. During 1966-2001 Number of patches have been increasing, but since 1996, the rate of increase had been very slow and in some instances constant. New patches have been mostly developed in northwest and southwest of Tehran during this period.
During presenting AWMPFD slows two conditions. The value of this metric has reduced 1921-1941, between 1941-1986 , the value of this measure has increased which means irregularity in the form of this urban area. Since 1986 the value of this metric has reduced and since 2001, it has been stable which means more regularity in urban form. 
Tehran's Growth Patterns Within Each Concentric Zone
To analyze the spatial-temporal changes of urban growth, with increasing distance from the city center, concentric zones where drawn. Within 0-3 km from city center, a growing trend is observed with the passage of time. In 1921, only 8.3 hectares of this zone's land area were built up. In 1941, the built up area reached 28.27 hectares with 240 percent growth rate. "Between" 1941 to 1956, the growth rate within the zone reduced to 53.08 percent and urban built up area reached to 43.29 hectares. Build up areas with reducing growth rate reached to 51.89 hectares in 1966, 53.88 in 1976, and to 55.56 hectares in 1986 . After 1986, the urban growth rate reaches to 0 (Figure 3 ).
Spatial -temporal changes in second zone, 3-10 km from city core shows rapid growth since 1956. The urban built up before 1941 was less than one hectare. In 1956, with the growth rate of 97.8 percent, it reached to more than 32 hectares. In 1966 , it reached to 83.5 hectares, in 1976 , to 138.7, and in 1986 , to 228.7. Between 1986 -1996 , the growth rate was reduced to 6.47. The urban built up area in the second zone reached 244.5 hectares (Figure 3 ).
Changes in third zone with 10-20 km distance from city center starts from 1941. The urban built up area was 2.5 hectares in 1941. In 1956, the growth rate was 77.3 percent, 10.7 hectares built up areas, the built up area in zone three were 29.3 hectares in 1966, 39.5 in 1976, 72.5 in 1986 and 94.6 in 1996 . Since 1996, the growth rate started to decrease. The built up area in zone three reached to 100 hectares with a growth rate of 23.3 percent between 1996-2006. Then, the growth rate was stable. The metric value of AWMPFD in zone 1, 0-3 km far from city center has a mild decreasing value. In 1921, it was 1.09 and it reached to 1.02 in 1986. During this time period, patches have converted to more regular forms. In zone 2, 3-10 km, the AWMPFD metric had increasing value. After 1986, the metric value decreases. In 2001, it reached the constant value of 1.14. In zone 3, 10-20 km from city core, the value was 1.09 in 1941. It reached to 1.07 in 1956 1.07 in -1966 1.07 in . Then in 1976 1.07 in -1986 it increased to 1.09, and 1.14. In 1996, there was a minor reduction, 1.12. Again, in 2001 and 2006, it increased to 1.13 and 1.4 and then constant value (Figure 3 ).
The reduction in mean patch size shows that new patches have been developed. The increase in mean patch size shows the expansion of existing of patches. In the first zone, 0-3 km far from the city center: In 1921, the mean patch size was less than 1 km 2 . With the joining of patches, mean patch size reached 28 km 2 in 1941. With the development of new patches, the mean patch size had considerable reduction, 8.5 km 2 . But this metric continued its increasing value. In 1986, mean patch size reached to 55 km square. Later, the value of this metric remained constant. In second zone, 3-10 km from the city center, mean patch value was 19 km 2 in 1986. With the development of new patches, the mean patch size was reduced to 7.8 km 2 in 2006. Mean patch size in their zone, 10-20 km from city center, compared with the two closer zones is lower. The reason is urban sprawl event and rapid development of new urban patches in this zone. In the fourth zone, 20-30 km distance from city center, first the increase in the value of mean patch size is observed, and after 2001, with the development of new urban patches, the value of this metric declined (Figure 3) . industrial investment, concentration of political and economic activities in Tehran and also rural-urban migration. Second period, 1976 Second period, -1986 , showed very rapid urban growth in Tehran. The important reasons are Islamic revolution, lack of implementing and supervision of the master plan. Third period 1986-2011, urban growth rate declines and then reaches relatively stable condition. Reasons are socio-economic and environmental problems of Tehran city. Preparing and approving various plans to control Tehran's physical growth and transferring the growth to Tehran's surrounding area.
Second point, is that Tehran urban growth pattern shows the process of urban growth in three stages: (1) development of city core, (2) diffusion and (3) coalescence. Results of these spatial metrics show this process. For example, number of patches shows its increasing value until 1996 and then a stable trend. It is expected that with more infill development and attachment of individual patches to each other to more convergence and coalescence of patches. The value of AWMPFD shows that until 1986, the form of patches have been more irregular. Since 1986, with the attachment of patches, more regularity is observed. The values related to geometric distance of nearest neighbor were high between 1941-1966 and then decreasing values are observed as a result of the attachment of patches to each other.
Third point is the approval of tidal wave urban growth pattern for Tehran city. With the decrease of urban growth in one zone in a concentric pattern, the tidal wave pattern of urban growth is observed in the next zone. The high peak of urban growth moves like a wave to outer zones.
Forth point, is that urban growth pattern in different zones flows the same pattern happening for the whole city: formation of city core, dispersion and coalescence. Values extracted for the following metrics: number of patches, fractural dimension, mean size, contiguity and mean geometric distance to nearest neighbor shows that in each zone, the same pattern is happening in different time periods. For example, AWMPFD shows an increasing trend and increasing and then decreasing trend in all zones with the passage of time. This shows dispersion of individual patches, expansion of central core and then coalescence of patches with the passage of time.
Fifth point is that comparison of the results of this study with other studies (Li et al., 2006; Zhang et al., 2001; Yu et al., 2007; Yu et al., 2006; Yang et al., 2003; Xu et al., 2007; Luck et al., 2002; Ji et al., 2006; Aguilera, 2011) show that urban growth process in majority of cities follows the tidal wave pattern, but this process is also affected by (social, topography, transportation network, socio-economic condition), and creates different pattern in different countries. For example, in case of Tehran city, existence of the mountains in the northern part of Tehran prevents growth in that area.
In general, determining patterns and processes of urban growth can provide better understanding of urban growth and quantifying urban growth by using spatial metrics has an important role. 
